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Abstract 
Stroke is a leading cause of disability and death. This study evaluated the association 
between temperature variation and emergency admissions for stroke in Brisbane, 
Australia. Daily emergency admissions for stroke, meteorologic and air pollution data 
were obtained for the period of January 1996 to December 2005. The relative risk of 
emergency admissions for stroke was estimated with a generalized estimating 
equations (GEE) model. For primary intracerebral hemorrhage (PIH) emergency 
admissions, the average daily PIH for the group aged < 65 increased by 15% (95% 
Confidence Interval (CI): 5, 26%) and 12% (95% CI: 2, 22%) for a 1°C increase in 
daily maximum temperature and minimum temperature in summer, respectively, after 
controlling for potential confounding effects of humidity and air pollutants. For 
ischemic stroke (IS) emergency admissions, the average daily IS for the group aged ≥ 
65 decreased by 3% (95% CI: -6, 0%) for a 1°C increase in daily maximum 
temperature in winter after adjustment for confounding factors. Temperature variation 
was significantly associated with emergency admissions for stroke, and its impact 
varied with different type of stroke. Health authorities should pay greater attention to 
possible increasing emergency care for strokes when temperature changes, in both 
summer and winter.  
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Introduction 
 
Stroke is a serious public health issue. For example, stroke is one of the major causes 
of death in the United States (ASA 2008). In Australia, stroke is a leading cause of 
disability and the second single greatest killer after coronary heart disease (SF 2008 ). 
One in five people die within one month after having a first stroke, and one in three 
die within a year. About 80 percent of all strokes occur to people over 55 years old. In 
the next ten years more than half a million people will suffer a stroke in Australia (SF 
2008 ).  
 
A number of studies have examined the influence of meteorological factors and 
seasonal variation upon stroke incidence (Piver et al. 1999; Oberg et al. 2000; Field et 
al. 2002; Hong et al. 2003; Wang et al. 2003; Chang et al. 2004; Liu et al. 2004; 
Kyobutungi et al. 2005; Jalaludin et al. 2006; Low et al. 2006; Kettunen et al. 2007; 
Myint et al. 2007; Dawson et al. 2008; Jimenez-Conde et al. 2008; Turin et al. 2008). 
These studies show that there were different patterns in stroke incidences across 
different areas during different periods. For example, several investigators observed 
the highest stroke incidence rates during summer (Piver et al. 1999; Oberg et al. 2000; 
Kettunen et al. 2007),  while others found peak incidences in either winter (Wang et al. 
2003; Jalaludin et al. 2006; Myint et al. 2007) or spring (Oberg et al. 2000; Turin et al. 
2008). There is little agreement concerning the relationship between weather and the 
incidence of stroke, and additionally, few data are available on the relationship 
between temperature and stroke in a subtropical climate where people are 
acclimatised to warm weather.  
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We aimed to assess this relationship so that useful information can be obtained for 
planning and implementing stroke control and prevention programs. The purpose of 
this study was three fold: 1) to investigate the relationship between temperature 
variation and stroke emergency hospital admissions in Brisbane – a subtropical city; 2) 
to assess the confounding effects of other variables (e.g., humidity and air pollutants); 
and 3) to examine the impact of temperature variation on different stroke types in 
different seasons. 
 
Methods 
 
The data set used in this study consisted of ten-year time series of health outcomes, 
climate, and air pollution collected in Brisbane city from the 1st January 1996 to the 
31st December 2005 (3,653 days). Brisbane is the state capital of Queensland, 
Australia, and has a sub-tropical climate with the latitude 27o29’S and longitude 
153o8’E. It is Australia’s third largest city, covering an urban area of 1326.8 km2 with 
a population size of 896,649 on 1 July 2001 (BCC 2008). 
 
Health outcome data were provided by the Health Information Centre of 
Queensland Health. The data included principal diagnosis and the day, month and 
year of emergency admission; age groups (0 – 14, 15 – 64, 65 – 74, 75 +); and the 
number of admitted patient episodes of care. Stroke data included subtypes such as 
subarachnoid hemorrhagic stroke (SHS; ICD-9 code 430, ICD-10 code I60), primary 
intracerebral hemorrhage (PIH; ICD-9 codes 431 to 432, ICD-10 codes I61 to I62), 
ischemic stroke (IS; ICD-9 codes 433 to 435, ICD-10 codes I63, I65 to I66), and other 
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stroke (ICD-9 codes 436 to 438, ICD-10 codes I64, I67 and I69) (Tsai et al. 2003; 
Adams 2004).  
 
Daily meteorologic data from four monitoring stations in Brisbane were provided 
by the Australia Bureau of Meteorology. The arithmetic average values of minimum 
temperature, maximum temperature and relative humidity were computed using the 
data from these stations. Air pollution data (including ambient 24-hour average 
concentrations of PM10 and daily average maximum 1-hour NO2, O3 and SO2 
concentrations) were provided by the Queensland Environmental Protection Agency. 
For each day, air pollution data were extracted from seventeen monitoring stations in 
Brisbane and averaged. When daily data were missing for a particular monitoring 
station, the observations recorded from the other monitoring stations were used to 
compute the daily average values. 
 
We conducted univariate analyses to characterise each dependent and independent 
variables. We investigated the impact of heat and cold on emergency admissions for 
stroke separately using a generalized estimating equation (GEE) approach with a 
Poisson distribution (Agresti 2007; Fouillet et al. 2007; Baccini et al. 2008). GEE is a 
form of generalised linear model in which a correlation structure is specified for 
clusters of observations (Johnston et al. 1997). For this analysis each 3 month period 
was defined as a separate cluster. Observations during a single summer or winter 
period were assumed to be correlated while observations from different seasons were 
assumed to be independent. A prior definition of summer (1 December to 28 [or 29 
for Leap year] February) and winter (1 June to 31 August) season was adopted for all 
the analyses. A similar approach was adopted by Fouillet et al (2007) and Baccini et 
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al (2008). We used this model to regress daily PIH and IS emergency admissions with 
temperature (minimum and maximum) by season after adjustment for humidity and 
air pollutants (PM10, NO2, O3 and SO2). The confounding factors of humidity and air 
pollutants were adjusted for in the model as continuous variables. Analyses were 
performed using SAS V9.1 (SAS 2002 - 2003).   
 
Results 
 
There were 12,387 hospital emergency admissions for stroke in Brisbane city during 
the study period, including 577 SHS (5% of total strokes), 1,835 PIH (15%), 6,743 IS 
(54%), and 3,232 other strokes (26%). PIH and IS accounted for over two-thirds (69%) 
of all emergency admissions for stroke. Table 1 shows the statistical summary for 
both dependent (i.e., emergency admissions for SHS, PIH, IS, other types of stroke, 
and all stroke) and independent variables (i.e., maximum and minimum temperature, 
humidity, PM10, NO2, O3 and SO2). During the study period, there were on average 3 
stroke emergency admissions every day in Brisbane (range: 0 – 12). The overall mean 
maximum and minimum temperature was 26.3°C and 14.7°C, respectively.  
 
Brisbane’s air pollution level was low compared with other metropolitan cities 
(Piver et al. 1999; Tsai et al. 2003; Wellenius et al. 2005) and the National 
Environmental Protection Measures (NEPM) for Ambient Air Quality standards 
(NEPC 2008). There were only 15 days which exceeded the NEPM standard of 50 
µg/m3 for 24-hour average concentrations of PM10, and the levels of all other air 
pollutants were under NEPM standard. 
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[Table 1 about here] 
 
In this study, we focused on PIH and IS because there were few cases of SHS 
(5%), and the other stroke causes of stroke (26%) were too complex. We also focused 
on two seasons, i.e., winter (between June and August) and summer (between 
December and February), because the associations between weather and PIH / IS 
were stronger during these periods.  
 
Figure 1 shows the different patterns of PIH and IS in winter and summer for 
maximum and minimum temperatures. In winter, the risk of IS somewhat increased 
between 1–11°C and then decreased between 11–16°C for minimum temperature. 
However, the incidence of PIH was relatively stable between 1–6°C and then lightly 
decreased between 6–16°C. In summer, the incidence of PIH increased between 
minimum temperature of 11–16°C then remained relatively stable between 16–21°C, 
and then directly decreased between 21–26°C. The incidence of IS was relatively 
stable between 11–21°C and then slightly decreased between 21–26°C for minimum 
temperature. The incidence of PIH decreased when maximum temperature increased 
in both winter and summer. The incidence of IS increased between 11–21°C and then 
abruptly decreased between 21–26°C in winter. However, there was an opposite trend 
for summer, where the incidence of IS decreased before 36°C and then increased after. 
 
[Figure 1 about here] 
 
The associations between temperature (minimum and maximum) and stroke 
emergency admissions (PIH and IS) in different seasons are shown in Tables 2 and 3. 
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There were statistically significant relationships between minimum temperature and 
PIH emergency admissions for the group aged ≥ 65 and all ages in winter and for the 
group aged < 65 in summer (Table 2). After controlling for potential confounding 
effects of humidity and air pollutants (PM10, NO2, O3 and SO2), the average daily PIH 
for the group aged ≥ 65 and all ages decreased by 6% (95% Confidence Interval (CI): 
2, 10%) and 5% (95% CI: 2, 9%), respectively, for a 1°C increase in daily minimum 
temperature in winter; but average daily PIH for the group aged < 65 increased by 
12% (95% CI: 2, 22%) for a 1°C increase in daily minimum temperature in summer. 
There were no statistically significant relationships between minimum temperature 
and IS emergency admissions in winter and summer for any age groups.  
 
[Table 2 about here] 
 
The associations between maximum temperature and stroke emergency 
admissions of PIH were similar with minimum temperature. After controlling for 
potential confounding effects of humidity and air pollutants (PM10, NO2, O3 and SO2), 
the average daily PIH for the group aged ≥ 65 and all ages decreased by 7% (95% 
Confidence Interval (CI): 4, 11%) and 7% (95% CI: 3, 11%), respectively, for a 1°C 
increase in daily maximum temperature in winter. The associations of maximum 
temperature with PIH emergency admissions were stronger in summer than in winter 
for the group aged < 65. The average daily PIH for the group aged < 65 increased by 
15% (95% CI: 5, 26%), but the average daily PIH for the group aged ≥ 65 decreased 
by 7% (95% CI: 1, 12%) in summer for a 1°C increase in daily maximum temperature 
after adjustment for confounding factors (Table 3). There was only one statistically 
significant relationship between maximum temperature and IS emergency admissions 
 9
in winter for the group aged ≥ 65. The average daily IS for the group aged ≥ 65 
decreased by 3% (95% CI: 0, 6%) for a 1°C increase in daily maximum temperature 
after adjustment for confounding factors. In summer, there were no statistical 
significant relationships between maximum temperature and IS emergency 
admissions for any age groups. 
 
[Table 3 about here] 
 
Discussion 
 
This study demonstrates a seasonal (winter and summer) variation in the occurrence 
of primary intracerebral hemorrhage and ischemic stroke emergency admissions for 
residents aged < 65, ≥ 65 and all ages, after controlling for humidity and air pollutants 
in Brisbane, Australia. We found that temperature variation was statistically 
significantly associated with emergency admissions for stroke. Relative risks for the 
temperature increases were greater for primary intracerebral hemorrhage than for 
ischemic stroke emergency admissions; and these associations were similar for 
maximum temperature and minimum temperature, except the average daily PIH for 
the group aged ≥ 65 in summer which had a stronger association with maximum 
temperature. 
 
Common cerebrovascular disease stroke confers a great health risk on the middle aged 
and elderly, especially for those with risk factors such as high blood pressure, family 
history of stroke, smoking, diabetes, high cholesterol and heart disease (ASA 2008; 
SF 2008 ). A few studies have investigated the association between meteorological 
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variables and stroke, but the results are inconsistent. For example, Dawson et al (2008) 
found that maximum temperature was associated with an increase in ischemic stroke 
admissions in the west of Scotland. Tsai et al (2003) also demonstrated increased risk 
of stroke admissions for both PIH and IS on warmer days (≥ 20°C) compared to 
cooler days (< 20°C) in Kaohsiung, Taiwan. However, Kyobutungi et al (2005) found 
there was no risk of stroke associated with ambient maximum temperature in 
Heidelberg, Germany. Hong et al (2003) and Myint et al (2007) reported that 
decreased temperature was associated with high risk of stroke in Incheon, Korea and 
Norfolk, UK.  
 
In winter, we found that higher maximum temperatures were associated with 
fewer IS emergency admissions for the group aged ≥ 65; while both higher minimum 
and maximum temperatures were associated with fewer PIH emergency admissions 
for the group aged ≥ 65 and all ages. We also found that higher temperatures (both 
minimum and maximum) were associated with more PIH emergency admissions for 
the group aged < 65 in summer. However, higher maximum temperatures in summer 
were associated with fewer PIH emergency admissions for the group aged ≥ 65. The 
exact reasons for this difference are unknown but we speculate that it may be because, 
during hot days, elderly people were more likely to stay indoors with the air 
conditioning on, whereas people aged < 65 were more likely to go to work or do 
outdoor activities. There were some similar but less significant impacts of temperature 
variation on emergency hospital admissions for stroke at the lags of one and two days. 
It remains unclear why IS and PIH responded to temperature variation differently. 
The results of this study corroborate Hong’s and Myint’s findings (i.e., cold weather 
was more likely to affect stroke, particularly, for the group aged ≥ 65) (Hong et al. 
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2003; Myint et al. 2007), but differ with other three studies described above (Tsai et al. 
2003; Kyobutungi et al. 2005; Dawson et al. 2008).  
 
Humidity has often been studied, as either an individual risk factor or in the form 
of an index (e.g., combining temperature and humidity) (Hong et al. 2003; Tsai et al. 
2003; Liu et al. 2004; Low et al. 2006; Henrotin et al. 2007; Kettunen et al. 2007; 
Myint et al. 2007). The results of those studies were not consistent and depended on 
the usual climatic characteristics of the countries in which the studies were conducted. 
In the present study, the adjustment for humidity did not substantially change the 
stroke emergency admission estimates. This finding may reflect the fact that 
temperature is the key climatic variable in terms of stroke risk, and that humidity of is 
of secondary importance. Warmer skin temperatures mean lower blood pressures, and 
this could be the key mechanism for reducing the risk of stroke in winter. 
Interestingly people living in warmer climates show generally greater changes in 
blood pressure than people living in cold climates, possibly because the homes of 
people in colder climates are better insulated (Barnett et al. 2007). Brisbane has a 
subtropical climate and many houses are designed to increase air flow in order to 
provide relief from the summer heat. However, in winter such designs mean that 
people are frequently exposed to the outdoor temperature. 
 
There are two major strengths in this study. Firstly, according to our knowledge, 
this is the first study to examine the impact of temperature variation on different 
stroke types after controlling for confounding effects of other meteorological 
variables (e.g., humidity) and air pollutants in a sub-tropical setting. Secondly, this 
study contains a comprehensive dataset which was collected from different sources 
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and covered a ten-year period (1996–2005). There were very few missing values (e.g., 
temperature data < 1 % and air pollution data < 4 %). Thus the impact of missing data 
on the research outcomes is likely to be minimal. 
 
This study also has some limitations. Firstly, ambient temperature rather than 
indoor temperature was used in this study as a measure of exposure, which may not 
necessarily correspond to the variation of temperature to which the individual was 
exposed. However, such measurement error may not play an important role as the 
residents in Brisbane usually keep windows open, even in winter. Secondly, air 
conditioning and/or indoor heaters may be a confounder for this study, but no data on 
this factor is available. A study that collects individual information on people 
suffering a stroke (including details on their air conditioning use and heating) would 
be needed to remove these biases. However, these studies are very costly compared to 
the study design used here, which used routinely collected data from a hospital 
admission registry. While this registry may be of high quality, there is still some 
potential for information bias such as case misclassification. This type of 
measurement error will bias any findings towards the null, and so the results shown 
here may slightly underestimate the true associations. 
 
In conclusion, temperature variation was significantly associated with emergency 
admissions for stroke in different seasons in Brisbane. These associations were 
observed even after controlling for humidity and air pollutants. Susceptible people 
(especially the elderly) should pay greater attention to temperature change, 
particularly in winter. Health authorities may also need to prepare for an increased 
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demand for stroke emergency care when temperature variation occurs during both 
winter and summer seasons.  
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Figure legend  
 
Figure 1. The mean number of daily PIH and IS emergency admissions in winter and 
summer (by each 5°C) in Brisbane, Australia, 1996–2005 (Left column: winter; right 
column: summer. Top row: minimum temperature; bottom row: maximum 
temperature. PIH = primary intracerebral hemorrhage, IS = ischemic stroke) 
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Table 1. Summary of daily emergency admissions for stroke, weather, air pollutants 
and daily emergency admissions for stroke 
Variables Mean SD Minimum 
Low 
quartile Median 
 Upper 
quartile Maximum 
Subarachnoid 
hemorrhagic 
stroke        
Age < 65 0.1 0.3 0 0 0 0 3 
Age  ≥ 65 0.1 0.2 0 0 0 0 2 
Total 0.2 0.4 0 0 0 0 3 
Primary 
intracerebral 
hemorrhage        
Age < 65 0.1 0.3 0 0 0 0 2 
Age  ≥ 65 0.4 0.6 0 0 0 1 4 
Total 0.5 0.7 0 0 0 1 4 
Ischemic 
stroke               
Age < 65 0.3 0.5 0 0 0 1 3 
Age  ≥ 65 1.6 1.3 0 1 1 2 9 
Total 1.8 1.4 0 1 2 3 9 
Other stroke               
Age < 65 0.1 0.4 0 0 0 0 3 
Age  ≥ 65 0.8 0.9 0 0 1 1 6 
Total 0.9 0.9 0 0 1 1 6 
All Stroke        
Age < 65 0.6 0.8 0 0 0 1 4 
Age  ≥ 65 2.8 1.7 0 2 3 4 11 
Total 3.4 1.9 0 2 3 5 12 
Weather        
Tmax (°C)a 26.3 3.9 12.6 23.3 26.4 29.2 41.5 
Tmin (°C)b 14.7 5.3 0.4 10.7 15.4 18.8 27.6 
RH (%)c 71.1 10.3 24.6 65.9 71.9 77.3 96.9 
Air pollution        
PM10 (µg/m3) 17.7 7.7 2.5 13.3 16.4 20.4 151.6 
NO2 (ppb) 18.0 6.7 3.3 12.8 17.1 22.4 46.3 
O3 (ppb) 31.8 9.8 7.1 25.1 30.0 36.7 88.2 
SO2 (ppb) 5.5 3.4 0.0 3.3 4.8 7.0 33.7 
a maximum temperature; b minimum temperature; c  relative humidity 
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Table 2. Relative risks (RR) for a one degree increase in minimum temperature and 
stroke emergency admissions by season in Brisbane, Australia, 1996 – 2005 
 
 Model Ia Model IIb Mode IIIc 
Variables RR (95% CI) RR (95% CI) RR (95% CI) 
Primary intracerebral 
hemorrhage 
   
    Winter      
      Age < 65 0.99 [0.93 ‐ 1.06]  0.97 [0.90 ‐ 1.05]  0.95[0.87 ‐ 1.04] 
      Age  ≥ 65 0.98 [0.95 ‐ 1.00]  0.96 [0.93 ‐ 0.99]d  0.94 [0.90 ‐ 0.98]e 
      Total 0.98 [0.96 ‐ 1.01]  0.96 [0.93 ‐ 0.99]e  0.95 [0.91 ‐ 0.98]e 
    Summer      
      Age < 65 1.10 [1.02 ‐ 1.19]d  1.09 [1.00 ‐ 1.18]  1.12 [1.02 ‐ 1.22]d 
      Age  ≥ 65 1.00 [0.96 ‐ 1.05]  0.98 [0.93 ‐ 1.04]  0.99 [0.94 ‐ 1.05] 
      Total 1.02 [0.98 ‐ 1.07]  1.01 [0.96 ‐ 1.05]  1.02 [0.97 ‐ 1.07] 
Ischemic stroke      
    Winter      
      Age < 65 1.00 [0.96 ‐ 1.03]  0.99 [0.95 ‐ 1.03]  1.00 [0.96 ‐ 1.05] 
      Age  ≥ 65 1.00 [0.99 ‐ 1.02]  0.98 [0.97 ‐ 1.00]  0.99 [0.97 ‐ 1.01] 
      Total 1.00 [0.99 ‐ 1.02]  0.98 [0.97 ‐ 1.00]  0.99 [0.97 ‐ 1.01] 
    Summer      
      Age < 65 1.03 [0.98 ‐ 1.08]  1.02 [0.97 ‐ 1.07]  1.02 [0.97 ‐ 1.08] 
      Age  ≥ 65 1.01 [0.98 ‐ 1.03]  0.99 [0.97 ‐ 1.02]  1.00 [0.97 ‐ 1.02] 
      Total 1.01 [0.99 ‐ 1.03]  1.00 [0.98 ‐ 1.02]  1.00 [0.98 ‐ 1.02] 
a Unadjusted；b Adjusted for humidity；c Adjusted for humidity, PM10, NO2, O3 and SO2；d P < 0.05; e P 
< 0.01 
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Table 3. Relative risks (RR) for a one degree increase in maximum temperature and 
stroke emergency admissions by season in Brisbane, Australia, 1996 – 2005 
 
 Model Ia Model IIb Mode IIIc 
Variables RR (95% CI) RR (95% CI) RR (95% CI) 
Primary intracerebral 
hemorrhage    
    Winter    
      Age < 65 0.93 [0.86 ‐ 1.02]  0.93 [0.86 ‐ 1.01]  0.93 [0.83 ‐ 1.04] 
      Age  ≥ 65 0.94 [0.90 ‐ 0.98]e  0.94 [0.90 ‐ 0.98]e  0.93 [0.89 ‐ 0.96]e 
      Total 0.94 [0.90 ‐ 0.97]e  0.94 [0.90 ‐ 0.97]e  0.93 [0.89 ‐ 0.97]e 
    Summer      
      Age < 65 1.04 [0.98 ‐ 1.11]  1.06 [0.99 ‐ 1.14]  1.15 [1.05 ‐ 1.26]e 
      Age  ≥ 65 0.93 [0.89 ‐ 0.97]e  0.94 [0.90 ‐ 0.98]e  0.93 [0.88 ‐ 0.99]d 
      Total 0.96 [0.92 ‐ 0.99]d  0.96 [0.93 ‐ 1.00]d  0.98 [0.93 ‐ 1.03] 
Ischemic stroke      
    Winter      
      Age < 65 0.99 [0.94 ‐ 1.04]  0.99 [0.94 ‐ 1.04]  0.99 [0.93 ‐ 1.05] 
      Age  ≥ 65 0.99 [0.97 ‐ 1.02]  0.99 [0.96 ‐ 1.01]  0.97 [0.94 ‐ 1.00]d 
      Total 0.99 [0.97 ‐ 1.01]  0.99 [0.97 ‐ 1.01]  0.97 [0.95 ‐ 1.00] 
    Summer      
      Age < 65 1.02 [0.98 ‐ 1.07]  1.03 [0.99 ‐ 1.08]  1.04 [0.98 ‐ 1.11] 
      Age  ≥ 65 0.98 [0.96 ‐ 1.01]  0.99 [0.97 ‐ 1.01]  0.99 [0.96 ‐ 1.02] 
      Total 0.99 [0.97 ‐ 1.00]  1.00 [0.98 ‐ 1.02]  1.00 [0.97 ‐ 1.02] 
a Unadjusted；b Adjusted for humidity；c Adjusted for humidity, PM10, NO2, O3 and SO2；d P < 0.05; e P 
< 0.01; 
 
 
 
